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Concerns about the dietary and exercise behaviors of individuals in the United States and 
other Western nations have come under more scrutiny recently. The literature is beginning to 
show the deleterious effects that poor dietary choices and physical inactivity can have on 
working memory performance. This study used a sample of 28 male Long-Evans rats to examine 
the effects that two different diet conditions (beginning at 6 weeks of age) as well as two 
different exercise conditions (beginning at 12 weeks of age) had on working memory 
performance. Automated operant conditioning boxes were used to examine working memory 
performance on a delayed spatial alternation (DSA) task. Analysis of the results indicated the 
best performance in the DF-E group, particularly during the intermediate testing sessions and at 
the longer delays. Such results suggest that a primarily plant-based diet coupled with regular 
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The Long-Term Effects of Diet and Exercise on Working Memory Performance in Long-Evans 
Rats 
 Research over the years has shown that the dietary and exercise habits of humans are 
important things to attend to in order to enjoy a healthy life. As far back as 1753, Lind conducted 
informal experiments and found that scurvy, which was a significant health problem for sailors 
in those times, could be remedied by supplementing afflicted individuals’ diets with citrus fruits. 
This example indicates that even our early ancestors had an understanding of the impact of diet 
on overall health. Over time, more and more health issues in humans have been shown to be 
preventable by modifying an individual’s diet and exercise habits. Dietary links have been 
demonstrated to conditions like hypertension, hypercholesterolemia, cardiac disease, stroke, type 
2 diabetes, osteoporosis, and even depression (NHLBI Obesity Education Initiative Expert Panel, 
1998). A lack of exercise has also been linked to each of the conditions listed above as well as 
other conditions like cancer (Warburton, Nicol, & Bredin, 2006).  
Diet and Working Memory 
 A more recent association is the linkage of diet and exercise to cognitive performance, 
including working memory.  Diets that are high in certain macro and micronutrients have 
allowed humans and animals to perform better on cognitive tasks. As one example, Parle and 
Dhingra (2003) injected ascorbic acid at multiple dosages (60 and 120 mg/kg) into Swiss mice at 
ages 3 months and 7 months for varying lengths of time (3 or 8 days). The researchers used the 
elevated-plus maze and a passive-avoidance paradigm to evaluate memory performance. The 
elevated-plus maze was originally created to assess the effectiveness of anxiolytics. It consists of 
two open arms and two closed arms. Typically, less anxious mice are more willing to spend time 
in the open arms and more anxious mice move to the closed arms. It has since been adapted to 
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function as a spatial memory test as well by measuring the change in transfer latency (time to 
move from opened to closed arm) over repeated testing days (Itoh, Nabeshima, & Kabeyama; 
1990). The passive avoidance paradigm utilizes a large box often with a wooden floor 
surrounded by a grid that can be set to deliver varying electric shocks. The animals begin the 
paradigm on the safe wooden floor, but because they don’t like to be in an open area, they will 
look to move from the center. The mice are safe if they remain on the center wooded area but are 
shocked if they step down onto the grid near the walls. This step down latency is recorded and 
mice that remember that the grid is associated with shock will take longer to step down. The 
aged mice performed worse pre-dietary intervention than the young animals on both the passive 
avoidance paradigm and the elevated-plus maze, which was expected due to their advanced age. 
The 60 mg/kg dose of ascorbic acid improved performance on both the elevated-plus maze and 
the passive-avoidance paradigm for both the young and old mice, and acted to minimize the 
effects of aging in the older group as well. The 120 mg/kg dose continued to improve 
performance in the aged mice across both tasks, but produced no significant effect in younger 
animals.  
Granholm et al. (2008) designed an experiment using a diet high in saturated fat and 
cholesterol to test the deleterious effects on working memory on male Fischer 344 rats. The 
control diet had 12% soybean oil as a source of unsaturated fatty acids. The experimental diet 
contained 2% cholesterol and 10% hydrogenated coconut oil as a source of saturated fats. 
Working memory was assessed using an 8-arm water radial maze. The test has 4 platforms 
hidden at the end of randomly selected arms. These platforms remain fixed throughout the entire 
session. As each platform was found, it was removed from the apparatus, making each trial more 
difficult. The animals were tested for 12 consecutive days. Correct errors were entering an arm 
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after the platform had already been removed. Incorrect errors were entering an arm that never 
contained a platform. The type and amount of errors were measured as an indication of working 
memory performance. The saturated fat group performed significantly worse. They had more of 
both the working memory correct errors and the working memory incorrect errors. These data 
provided a link between the types of fats consumed and working memory performance.  
Chung, Chen, and Su (2008) modified the fatty acid content of the diet provided to 
Sprague-Dawley rats to examine the effects of fish oil supplementation. The diets were either a 
fatty-acid deficient diet or a normal, nonpurified diet. Pregnant dams were started on the diets 
and remained on them until the offspring were weaned on postnatal day (PND) 21. The offspring 
were then placed on the same diet their mother had been given until PND 60. At this time, each 
diet group was further split into those also receiving fish oil and those that did not.  The testing 
protocols began at PND 109 after 49 days of supplementation.  The researchers used the Morris 
water maze to test spatial reference and working memory. Their Morris water maze apparatus 
was a small pool measuring 55 cm high and 183 cm in diameter. The water level was set at 35 
cm and a slight amount of powdered milk was added to make the water more opaque. The animal 
had to swim to a small platform (11 cm in diameter) that was only slightly submerged in the 
water (1.5 cm). The time to reach the platform (escape latency) was measured for each trial. For 
spatial memory evaluation, the animals had 4 trials per session and 5 sessions over a 3-day 
period. For each trial, the animal started in a different position but had to swim to the platform 
which was in the same location each time. For assessment of working memory, the animals 
underwent 12 trials per session with 3 sessions over three days with the platform moved to a 
different location each day. How quickly the rats learned the new location within each testing 
day was indicative of working memory performance.  The fatty acid deprived mice showed poor 
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memory performance across both the spatial and working memory assessments when compared 
to the normal diet group. When looking within each group, the animals that received fish oil 
supplementation performed better than their counterparts that did not receive fish oil 
supplementation. These results demonstrated that the memory performance of the animals with 
poor diet was partially rescued by the supplementation with fish oil, but did not reach the level of 
the animals that were given the better diet without supplementation.  Interestingly, the fish oil 
supplementation improved the performance of the normal diet subjects when compared to rats 
that received the same diet without fish oil supplementation.  
Thirumanagalakudi, Prakasam, Zhang, Bimonte-Nelson, and Sambamurti (2008) 
modified the diets of C57BL/6 and LDLR-/- strains of mice to examine the effects of high 
cholesterol levels on cognitive performance. These lines were selected due to differing abilities 
to metabolize cholesterol within their diets. Beginning at four months of age, half of the animals 
in each strain were given a normal control diet while the other half received a high-fat, high-
cholesterol diet. The animals remained on their respective diet for two months and working 
memory was tested during the last two weeks of the dietary intervention using the 8-arm water 
radial maze test (described previously). The cognitive testing protocol took place over 15 
consecutive days.  The LDLR-/- mice showed working memory deficits regardless of dietary 
condition due to the gene knockout limiting the ability of these animals to metabolize 
cholesterol. The C57BL/6 mice in the high-fat, high cholesterol group showed decreased 
performance compared to the control diet group. Specifically, the high-fat, high cholesterol 
group displayed a significantly greater number of both correct and incorrect working memory 
errors. These results indicated that factors that increase cholesterol (either by increasing intake or 
reducing metabolism) had a deleterious effect on working memory.    
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 Holloway et al. (2011) looked at the effects of a high-fat diet on working memory in 
human subjects. The sample consisted of 16 healthy young males aged 19-28. The study was a 
crossover design with the males spending 5 days in a particular dietary group followed by a 2 
week washout period and 5 days in the other dietary group. The control diet consisted of 50% 
carbohydrates, 24% fat, and 26% protein. The high-fat diet consisted of 4% carbohydrates, 70% 
fat, and 26% protein. The Rapid Visual Information Processing (RVIP) task was administered to 
provide a complex working memory assessment. The RVIP task requires the subjects to look for 
specified sequences of numbers (i.e., target sequence). The subject is seated at a computer and a 
sequence of single digits (only digits 2 through 9) are presented at a rate of 100 per min. The 
subject is instructed to press the response button when the target sequence appears. This protocol 
examines both response accuracy and response speed. The high-fat group showed a significant 
decrease in speed on the RVIP task, suggesting even the relatively short time intervention with 
the high-fat diet was capable of causing a working memory deficit.  
 Stonehouse et al. (2013) studied the widespread cognitive benefits of docosahexanoic 
acid (DHA) supplementation on cognition, including on working memory. The sample consisted 
of 176 nonsmoking individuals aged 18-45 years old, with 85 in the supplement group. All 
enrolled individuals were also screened in order to capture a sample with low dietary ingestion of 
Omega-3 fatty acids. The supplementation provided 1.16 grams of DHA daily, which was judged 
to be a feasible amount to be consumed within a normal diet. Corsi blocks, n-back, and a letter-
number sequencing task were the paradigms used to test working memory. Corsi blocks are a 
cognitive test analogous to “Simon says” where the researcher first taps out a pattern on equally 
spaced blocks. The tapping sequence starts small (i.e., 2 blocks) but progresses up to a pattern 
including nine blocks that must be repeated by the participant. The n-back is another test 
6 
 
featuring sequential blocks. In this protocol, the participant must only respond when the stimulus 
being seen matches the stimulus previously present a specific number of stimuli before (i.e., “n-
back”).  The letter number sequencing test requires the participant to order a random sequence of 
numbers and letters. Stonehouse et al. found that, along with other significant cognitive benefits, 
the male subjects in the DHA group completed the working memory tasks much faster than the 
control group with no performance decrease. Interestingly, the female subjects showed no 
significant beneficial working memory effects. 
Bowman et al. (2009) measured ascorbic acid (AA) within the cerebrospinal fluid (CSF) 
and in plasma to determine the effects of this compound on cognitive decline. The sample 
consisted of 32 individuals that screened as possible mild-to-moderate Alzheimer’s disease (AD) 
patients. The patients were followed for a year in order to examine the rate of cognitive decline. 
Specifically, the ADAS-Cog which is a cognitive measure associated with AD, was given at the 
beginning of the study and again one year later. The ADAS-Cog measures cognitive abilities, 
including working memory. The working memory centric tasks on the ADAS-Cog include a 
Word Recall Task and a Word i.Recognition Task. The Word Recall Task presents a 10 word list 
to the subject and gives him or her 3 attempts to recall as many words as possible. The Word 
Recognition Task presents a 12 word list to the subject and then presents a series of words and 
asks the subjects if the later words were on the original list. The concentration of AA in the CSF 
(collected via lumbar puncture), the concentration of AA in the plasma, and the ratio of the 
concentration in the CSF to plasma was recorded, and preliminary analyses showed that all three 
of these measure were independent of any identifying variables such as age or gender. Bowman 
et al. found that the neither plasma nor CSF AA concentrations were predictive of cognitive 
decline. However, the ratio of AA CSF to AA plasma did predict cognitive decline over the year. 
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Specifically, the patients with higher concentrations of AA in the CSF to plasma had lower rates 
of cognitive decline. Each unit decrease in the CSF:plasma ratio was associated with a loss of 2.7 
points on the ADAS-Cog. These data indicated that AA appears to be an important compound 
for healthy function of the brain, including working memory performance.  
Overall, the previous research presented demonstrates a link between dietary intake and 
cognitive performance. The general public has some awareness of the deleterious effects poor 
diet can have on cardiovascular health and body image. However, many fail to understand that 
the negative effects are more widespread and can also affect the brain. Ingesting insufficient 
levels of important dietary compounds including DHA, AA, and Omega-3 fatty acids, or an 
overabundance of cholesterol appear to have a negative impact on working memory 
performance.  
Exercise and Working Memory 
 Exercise has also been shown to provide benefits to the body in a variety of ways. 
Exercise has been linked to increasing cognitive abilities and this holds true for working memory 
as well. For example, Vaan Praag, Shubert, Zhao, and Gage (2005) designed a study to examine 
the effects of exercise in a mouse model on learning and working memory. The sample consisted 
of 15 young and 18 old mice of the same strain (C57BL/6). The sample was split into one of four 
groups: young control (n = 8), old control (n = 8), young runner (n = 7), or old runner (n = 10). 
The animals were given unlimited access to a running wheel in their cages for 45 days and the 
distance was measured electronically. The learning ability of the mice was tested across days 35-
39 of the exercise intervention.  The Morris water maze was the cognitive testing paradigm used.  
The animals were tested in the following manner: 4 trials per session and 1 session per day over 
5 days. The researchers measured the length of the swim path as a function of working memory 
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in the sense that a more direct path to the platform was indicative of better working memory 
performance. The young runner group had the shortest swim path length which was to be 
expected. The old runner group also showed a significantly shorter swim path length than either 
the young or old control groups. This indicates exercise benefits working memory performance 
during response acquisition in the Morris water maze in both young and aged mice.  
Parachikova, Cotman, and Nichol (2008) used animal models to test the beneficial effects 
that even a short-term exercise intervention can have on memory performance. The sample 
consisted of 12 Tg-2576 transgenic mice bred to show memory deficits and 12 C57B16/SJL non-
transgenic mice. The animals used were all aged 15-19 months. The mice in the exercise group 
were provided a metal running wheel which they were able to use at will. Distance ran was 
recorded electronically. The working memory paradigm used was the Morris water maze. The 
animals performed 3 blocks of 5 trials over 2 days. The platform was kept in the same place for 
all 30 trials for each individual mouse. However, the starting point varied from trial to trial. 
Working memory was measured as latency to reach platform on trials 1-5, 7-10, 12-15, 17-20, 
22-25, and 27-30. The researchers did not include trials 6, 11, 16, 21, and 26 in this analysis as 
these trials were used separately for a reference memory measure. The researchers found that the 
three week exercise intervention was able to return the transgenic animals to wildtype-level 
latency. 
 Research with human subjects has also shown that exercise can improve working 
memory. Langlois et al. (2013) studied the benefits that exercise training can have on working 
memory in older adults. The sample consisted of 83 participants that were screened to ensure 
they had the physical capacity to perform exercise. The physical exercise protocol was three 1-hr 
sessions per week. The hour consisted of a 10 min warmup, 10-30 mins of aerobic exercise, 10 
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mins of strength training, and 10 mins of cool down exercise. The working memory protocol for 
this project was the composite score of Letter-Number Sequencing (described previously) and 
Digit Span backward tests. The Digit Span backward test protocol presents a series of digits to 
the participants. The participants are then asked to recall the sequence in reverse order.  They 
found significant improvement on working memory in the exercise group compared to the 
control group.  
Barnes, Yaffe, Satariano, and Tager (2003) conducted a longitudinal study to correlate an 
individual’s cardiovascular activity with cognitive ability, including working memory. The 
sample included a large number (n = 349) of individuals at or above 55 years of age. Fitness 
levels were tested with the VO2 max test, which is a standard measure of cardiorespiratory 
fitness. The working memory of subjects was tested using the digit symbol test as well as the 
California Verbal Learning Test (CVLT) at the start of the study and again 6 years later. The 
digit symbol test involves filling empty boxes under symbols with the corresponding number 
from a key. The amount of squares successfully completed is the performance measure used on 
this test. The CVLT requires participants to learn 16 words followed by an immediate recall test 
and a delayed recall test. The number of words correctly recalled is recorded. Compared to their 
performance at the beginning of the study, the more fit individuals showed less decline in 
working memory (as measured by the digit symbol and CVLT tests) six years later.  The less fit 
individuals experienced a significant reduction in scores over the same time period. These results 
support that notion that exercise serves to ameliorate working memory decline that is often 
associated with aging. 
Budde et al. (2010) examined the effects of various exercise intensities on working 
memory in adolescents. The sample consisted of 33 male and 26 female high school students 
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(mean age 14.37). The three groups in the project were high-intensity (heart rate between 70-
85%), low-intensity (heart rate between 50-65%) and a control group. The exercise protocol was 
a 12 min run on a standard 400 meter track with a heart rate monitor to ensure the groups stayed 
in the appropriate heart rate ranges. The cognitive testing protocol was the Letter Digit Span 
(LDS) test. The LDS involves presenting a series of letters and numbers to a participant one 
time. The participant must then correctly place these letters and numbers in the designated order. 
The researchers used 24 sequences and the number of correctly completed sequences was used as 
the performance measure.  The LDS was administered pre-exercise then immediately after 
exercise. The team found that working memory performance increased with low-intensity 
exercise, but started to fall back to normal range as the exercise intensity was increased. This 
indicates that exercise can provide immediate working memory benefits, but, if the exercise is 
too strenuous, the immediate benefits are lost, perhaps due to fatigue.  
The literature confirms a strong link between exercise and working memory performance. 
More specifically, these studies indicate the beneficial effects exercise can have on working 
memory. Studies have demonstrated that both short-term and long-term exercise protocols can 
have significant benefits on working memory performance. Additionally, the benefits are seen in 
both young and old populations and in both animal and human subjects. The benefits to older 
individuals are particularly important.  As discussed below, age has also been shown to 
negatively affect working memory performance.   
Age and Working Memory  
Working memory deficits are associated with the natural aging process.  Wyss, 
Chambliss, Kadish, and van Groen (2000) designed a study to test the cognitive effects of aging 
on several strains of rats. The three strains examined were Sprague-Daley (SD), spontaneously 
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hypertensive (SHR), and Wistar Kyoto (WKY). The animals were obtained at 6 weeks of age 
and tested at 3, 12, 18, or 24 months of age. Working memory performance was assessed using 
the Morris water maze task which allows for spatial working memory assessment. The Morris 
water maze involved a slightly submerged platform hidden in one of the four quadrants in a 
small pool. The platform was moved each day. The animals participated in 4 trials each day. 
Swim path and latency to reach the platform were used as a measure of working memory. The 
team found significant declines in spatial working memory performance across all strains with 
advancing age, especially from 18 to 24 months of age. They found that the animals did not 
acquire the test as quickly, they did not complete the task as quickly, and they had a much higher 
failure rate than the younger animals.  
Bimonte, Nelson, and Granholm (2003) used an animal model to examine the deleterious 
effect of advanced age on working memory and how the effect of age can differ depending on 
working memory load. The sample consisted of 38 female Fischer-344 rats. The young group 
consisted of 19 animals aged 3-5 months. The aged group consisted of 19 animals aged 21-23 
months. The researchers used the 12-arm radial water maze to evaluate working memory. The 
12-arm radial arm maze is very similar to the 8-arm radial arm maze except with a higher degree 
of difficulty due to the increased number of arms. The platforms were removed one by one as 
they were located. The number of arms that the rat had to remember not to return to increased 
with each successful arm visit, thereby creating an increasing working memory load as the trial 
went on. The aged group performed significantly worse on this working memory task. Also, the 
amount of errors increased dramatically during the higher working memory load portion of the 
test (i.e., after more platforms had been removed). The aged rats could not maintain their 
performance under the increased working memory load as well as the younger animals could.  
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Working memory studies in human populations have found similar results. Reuter-
Lorenz et al. (2000) studied the effect of age on working memory performance in humans. The 
sample included 24 females. The young group consisted of 8 women aged 21-30 years. The older 
group consisted of 16 women aged 61-75. The testing protocol was a verbal working memory 
task in which participants were required to determine if the probe letter matched any contained 
within a set they had been presented with three s earlier. Results showed that the young group 
completed this memory task significantly faster and more accurately than the aged group did.  
Likewise, Cabeza et al. (2004) examined age effects on several cognitive domains 
including working memory. The sample consisted of 20 young individuals (mean age of 22.6) 
and 20 older individuals (mean age of 70.6). The working memory task was similar to the one 
outlined by Reuter-Lorenz et al. (2000). A set of words was presented, and then a probe word 
was presented and each participant was required to determine if the probe word was in the 
original set. Cabeza et al. found a significant effect of age on latency. The older group did not 
perform significantly worse accuracy-wise but took much longer to complete the task than the 
younger individuals.  
Mattay et al. (2006) examined the performance of both young and aged adults under 
increasing working memory loads. The young group consisted of 10 individuals under 35 years 
of age. The older group consisted of 12 individuals over 55 years of age.  The performance on 
the n-back working memory task was measured, which was examined at increasingly high 
working memory loads (1-back, 2-back, and 3-back). The older sample demonstrated slower 
response time across all three tests. The accuracy of the young and aged group was similar for 
the 1-Back test, but that was under a light memory load. As expected, the young group showed 
higher accuracy under the increasing working memory loads of the 2-back and 3-back tasks. 
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These results also show that the deficits incurred by aging on working memory performance are 
more apparent under high working memory loads.  
Extensive work has been done to examine the effects of natural aging on cognitive 
performance, including working memory. However, it is likely that steps can be taken to mitigate 
these age-induced deficits to maintain strong working memory performance longer throughout 
the lifespan. As both diet and exercise are known to impact working memory performance, it 
seems likely that positive changes to diet and exercise may protect against age-related working 
memory decline.   
Purpose, Rationale, and Hypotheses 
The purpose of the proposed study was to ascertain the effects that both diet and exercise 
can have on working memory performance and to see if either of these factors can offset age-
related working memory decline in an animal model. The design (see below) allowed for a 
comparison of diet independent of exercise and vice-versa. Long-Evans rats were split into two 
groups that received a different dietary intervention. The first dietary condition is referred to as 
the Daniel Fast (DF) group. The Daniel Fast diet is so-named based off references made in 
Daniel 1:12 and Daniel 10:1-2 in the bible. It is a partial fast centered on eating high amounts of 
fruits and vegetables and avoiding the intake of dairy and meat products, in addition to processed 
and refined foods. The dietary composition this group received was formulated to contain high 
levels of complex and fiber-rich carbohydrate and relatively low levels of fat (primarily mono- 
and poly-unsaturated fat). This diet also provided plant sources for the carbohydrates, fat, and 
protein (i.e., soy as the protein source). The other group received a diet formulated to resemble a 
typical Western culture diet (WD) that was higher in saturated fats, simple carbohydrate, and 
animal protein. Half of the animals in each dietary group performed an exercise protocol (E) and 
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the other half remained sedentary (S). The exercise protocol involved thirty mins of treadmill 
running every Monday, Wednesday, and Friday. Based on previous results reporting a negative 
effect of high fat diets on working memory performance (Granholm et al. 2008; Holloway et al. 
2011; Thirumanagalakudi et al. 2008), it was hypothesized that the animals receiving both the 
Daniel-Fast diet and regular exercise (DF-E) would show better working memory performance 
compared to the WD animals. As previous research has also demonstrated a benefit of exercise 
on working memory (Barnes et al. 2003; Budde et al. 2010; Langlois et al. 2013), it was also 
hypothesized that the rats following the exercise protocol would show better working memory 
performance compared to the rats that did not exercise. Lastly, it was expected that the Daniel-
















Chapter 2: Method 
Animals 
 All procedures were approved by the Institutional Animal Care and Use Committee 
(IACUC) at the University of Memphis and were also aligned with those outlined in The Public 
Health Service Policy on Humane Care and Use of Laboratory Animals (National Institutes of 
Health 2012) and the Guidelines for the Care and Use of Mammals in Neuroscience and 
Behavioral Research (National Research Council 2003). The animals were 28 male Long-Evans 
rats. The rats were single-housed in a standard shoebox cage. The colony room was on a 12/12 
light-dark cycle (lights on 4 am). The dietary intervention began at 6 weeks of age and animals 
were allowed to consume food ad libitum to allow for adequate calories and nutrients to be 
consumed during the initial growth period. The rats received the specialized diet (explained in 
even more detail below) consisting of the Daniel Fast diet (DF; n = 14) or the Western diet (WD; 
n = 14). As mentioned above, half of the animals in each diet condition were in the exercise 
condition (E) while the other half were sedentary (S). As such the four treatment conditions (n = 
7/group) were DF-E, DF-S, WD-E, and WD-S. 
Mild food restriction (90% percent of each rat’s free-feeding weight) began three months 
after the start of the dietary intervention at the onset of working memory testing and remained in 
place until the end of the experiment. The reduction in calories from the initial ad libitum phase 
was done to ensure adequate animal motivation to respond for food rewards used during testing. 
Rats were able to obtain water ad libitum.  
Dietary Conditions. The DF diet (Research Diets; New Brunswick, NJ) was a specially 
formulated plant-based rat pellet designed to model the popular Daniel Fast diet consumed by 
humans in our prior work (Bloomer et al. 2010; Bloomer, Kabir, Trepanowski, Canale, and 
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Farney, 2011). The Daniel Fast diet consisted of 15% protein, 59% carbohydrate, and 25% fat.  
The source of protein was soy protein, the main source of carbohydrates was a 70/30 amylose 
amylopectin blend, and the main source of fat was a mixture of flaxseed and safflower oil. The 
DF diet contained 7.4% saturated fat, 46.3% monounsaturated fat, and 46.2% polyunsaturated 
fat. The omega 6 to 3 fatty acid ratio for the DF diet was .5, and it also contained a significant 
amount of Vitamin C and insulin. See Table 1 for a complete breakdown of the dietary 
composition. 
The WD (Research Diets) was also a specially formulated animal-based pellet designed 
to model the diet of the typical American. The Western diet consisted of a caloric breakdown of 
17% protein, 43% carbohydrate, and 40% fat. The source of protein was casein, the main source 
of carbohydrates was sucrose, and the main source of fat was milk fat. This diet contained 62.4% 
saturated fat, 30.7% monounsaturated fat, and 6.9% polyunsaturated fat. The omega 6 to 3 fatty 
acid ratio for this diet was 3.61, and it also contained high levels of cholesterol. There was no 
dietary source of insulin or Vitamin C present in the WD (Table 1).  
In both conditions, the rats were weighed daily to maintain them at 90% of their target 
body weight. In particular, the sedentary rats received 10 g of food per day if they were within 5 
grams of their target weight. If the animals were more than 5 grams over their target, then they 
received 5 grams of food. If the animal was more than 10 grams over their target weight, then 
they received 2.5 grams of food. Additionally, if the animal was more than 5 grams under the 
target weight then they received 15 grams of food and if 10 grams under their target weight they 
received 20 grams of food. The guidelines were similar for rats in the exercise condition, except 




Table 1  
Dietary composition of the Western and Daniel Fast Diets 
Nutrient 
Western Diet Daniel Fast 
gm% kcal% gm% kcal% 
Protein  20 17 15 15 
Carbohydrate 50 43 58 59 
Fat 21 40 11 25 
Fiber 5 0 13 1 
Total  100  100 
kcal/gm 4.7  3.9  
Casein 195 780 0 0 
Soy Protein 0 0 170 680 
DL-Methionine 3 12 3 12 
Corn Starch 50 200 0 0 
Corn Starch-Hi Maize 260 
(70 % Amylose and 30% Amylopectin) 
0 0 533.5 2134 
Maltodextrin 10 100 400 150 600 
Sucrose 341 1364 0 0 
Cellulose, BW200 50 0 100 0 
Inulin 0 0 50 50 
Milk Fat, Anhydrous 200 1800 0 0 
Corn Oil 10 90 0 0 
Flaxseed Oil 0 0 130 1170 
Ethoxyquin 0.04 0 0.04 0 
Mineral Mix S1001 35 0 35 0 
Calcium Carbonate 4 0 4 0 
Vitamin Mix V1001 10 40 10 40 
Choline Carbonate 2 0 2 0 
Ascorbic Acid Phosphate, 33% active 0 0 .41 0 
Cholesterol  1.5 0 0 0 
Total 1001.54 4686 1187.95 4686 
     
Saturated g/kg 122.6  7.8  
Monunsaturated g/kg 60.2  19.7  
Polyunsaturated g/kg 13.5  77.7  
Cholesterol mg/kg 2048  0  
     
Saturated % Fat 62.4  7.4  
Monunsaturated %Fat 30.7  18.7  
Polyunsaturated %Fat 6.9  73.9  
     




additional energy requirements incurred by the exercise protocol (described below). All animals  
were fed their daily ration after they completed the cognitive testing protocol for the day. 
Exercise Conditions. All rats first completed baseline testing on a treadmill which had 
each rat run until exhaustion. The treadmill was equipped with electrified coils on a deck to the 
rear of the belt that delivered a small shock to keep the rodents running. The speed for the 
exhaustion test was increased every 15 mins, beginning at 20 meters per min (m/min) and 
progressing to 24 m/min, 28 m/min, and maxing out at 32 m/min. Exhaustion was determined to 
have occurred when the subjects did not move off of the electrified coils after 30 s. The time 
spent running was recorded. This baseline testing was done on all animals every 3 months 
throughout the duration of the study (data to be presented elsewhere). In addition, rats in the 
exercise conditions (E) were exercised for 30 min on Mondays, Wednesdays, and Fridays. The E 
rats were placed on the same treadmill used for the baseline testing. However, the protocol for 3x 
weekly exercise was 10 mins at 20 m/min followed by 10 mins at 24 m/min and then 10 mins at 
28m/min. During weekly exercise, the E rats were carefully monitored and immediately removed 
from the treadmill if any sign of physical injury occurred. Additionally, if the rat remained on the 
electrified deck for 30 s, the animal was deemed to be exhausted and removed from the treadmill 
for that day. 
Apparatus 
Behavioral testing was conducted in 10 automated operant testing chambers (Med 
Associates; St. Albans, VT). These chambers were both sound attenuated and well-ventilated 
with a fan. On one wall of the chamber, there was a food magazine tray positioned in the middle 
with two retractable response levers symmetrically aligned on each side of the tray. The rats 
were rewarded with a small grain-based dustless precision pellet (F0165, Bioserv; Flemington, 
19 
 
NJ) and the amount of reward pellets was limited in order to prevent dietary diffusion. Each 
response lever was 7 cm from the floor and 5.7 cm from the midline of the wall with a cue light 
positioned directly above. A house light was situated on the wall opposite of the levers. All 
operant programs were controlled via a PC equipped with Med–PC IV software (Med 
Associates).  
Procedure 
Operant testing occurred six days per week (Monday-Saturday) and each chamber was 
tested daily to ensure proper functioning. The sequence of testing progressed in the following 
order: Autoshaping, Fixed Ratio Training, Cued Alternation, Non-cued Alternation, Delayed 
Spatial Alternation. 
Autoshaping. The Autoshaping program presented both levers to the animal. The cue 
light above one of the levers was then turned on for 15 s every 3 mins. Any lever press resulted 
in a 45 mg food pellet being dispensed into the food magazine. [The food pellets were 
manufacture by Bio-Serv and consisted of a caloric breakdown of 64.4% carbohydrate, 25.4% 
protein, and 10.2% fat. The carbohydrates were sucrose, dextrose, and fructose. The protein 
came from both casein and whey. The fat breakdown was 46.4% polyunsaturated, 30.2% 
monounsaturated, and 23.4% saturated.] The cue lights served to guide the animal’s attention to 
the levers and help promote lever pressing. If the animal failed to press while the cue light was 
illuminated, then a free reward pellet was dispensed to further entice the animal to explore for 
food. Each daily autoshaping session lasted a maximum of one hour. Once a rat elicited 100 
lever presses within the time limit without receiving any free rewards, they moved on to the next 
testing phase. Autoshaping lasted 2-3 sessions. 
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Fixed Ratio Training. This phase was done to help eliminate any lever preference 
acquired during autoshaping. Only one lever was presented at a time along with illumination of 
the corresponding cue light. Each lever press resulted in delivery of a reward pellet. After every 
five presses and reinforcers occurred, the protruding lever retracted and the corresponding cue 
light was extinguished. Then, the opposite lever was extended along with illumination of its 
corresponding cue light. This alternation of levers continued every five presses until either 100 
rewards were received or one hour had elapsed. Fixed ratio training lasted five sessions. 
 Cued Alternation (CA). The Cued Alternation program followed Fixed Ratio training 
and includeed performance-based advancement. During CA both levers were extended, but only 
one of the cue lights was illuminated. The animal had to press the lever beneath the illuminated 
cue light to receive a reward pellet. If the incorrect lever was pressed, no reinforcer was 
delivered. Once a lever was pressed, the opposite cue light from the lever just pressed was 
illuminated on the next trial. Each CA session lasted until 200 trials occurred. In order to 
progress to the next testing phase, each animal had to successfully achieve 80% accuracy over 
three consecutive days. All animals achieved this criterion. 
 Non-cued Alternation (NCA). The Non-cued alternation phase was an extension of the 
previous CA protocol with the exception that illumination of the cue light associated with the 
correct lever was discontinued. As during CA, to receive a reinforcer for any given lever press, it 
had to occur on the lever opposite the one pressed on the previous trial.  Each NCA session 
ended after 200 trials occurred. Progression from NCA to the next testing phase occurred after 10 
days of testing regardless of performance. If the animal alternated their response to the lever 
opposite the previous trial, it earned a food reinforcer. For NCA, the primary dependent measure 
was percent correct across the 10 days of NCA testing. 
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 Delayed Spatial Alternation (DSA). The Delayed Spatial Alternation phase was the 
final testing phase and it lasted several months. For DSA, both levers were extended and both 
cue lights were not illuminated. As with NCA, the rats were required to alternate levers to earn a 
reinforcer. However, after each reward was presented, both levers were retracted and remained 
so for either 0, 10, 20, or 40 s before being extended again. The retraction time between trials 
was randomly determined via an algorithm in the DSA program such that there were 50 trials at 
each delay. If the animal alternated their response to the lever opposite the previous trial, it 
earned a food reinforcer. Each DSA session ended after 200 trials occurred. For DSA, the 
primary dependent measure was the number of reinforcers earned. 
Win-stay and lose-stay errors. Within the DSA task, if the animal failed to earn a 
reinforcer it was because the animal made one of two different types of errors. The first error was 
called a win-stay error. This occurred if the animal first correctly alternated levers (i.e., a “win” 
where it alternated from the right lever to the left or the left lever to the right and received a food 
pellet), but then incorrectly made the next lever press on the same lever as the previous trial (i.e., 
a “stay” – no food reward presented). The second error was called a lose-stay error. This 
occurred if the animal incorrectly failed to alternate levers (i.e., a “lose” where it responded two 
times on the same side with no food reward) followed by a third response in a row on the very 
same side (i.e., another “stay” with no food reward). Thus, a lose-stay error represents at least 
three consecutive responses on the same response lever.  
Design and Analyses 
As all animals were required to achieve criterion performance on autoshaping, fixed-ratio 
training, and CA, no analyses were conducted. For NCA, the percent correct was averaged across 
the 10 days of testing and analyzed via a 2 (diet) x 2 (exercise) between-subjects ANOVA. The 
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DSA analysis also included the between-subjects factors of diet and exercise. However, the data 
for the 125 days of DSA testing was averaged into 25, 5-day blocks and delay (0, 10, 20,40 s) 
were also included as repeated-measures factors. Post hoc analyses (including survival analyses) 
were conducted as appropriate on the NCA and DSA data to determine the nature of significant 
diet- and exercise-related interactions. Kaplan-Meier survival analyses were conducted across 
the 25, 5-day DSA testing blocks at different criterion levels of performance in order to evaluate 
whether there was a difference how quickly animals within each of the four treatment conditions 
were learning the task. Lastly, the number of win-stay and lose-stay errors during DSA were also 
analyzed using two separate diet x exercise x 5-day block mixed ANOVAs with corresponding 
















Chapter 3: Results 
NCA 
Analysis of the percent correct during NCA revealed a main significant effect diet [F(1, 
24) = 15.514, p = .001].  As seen in Figure 1, DF animals performed better than the WD animals. 





 The diet x exercise x delay x 5-day block mixed ANOVA of reinforcers earned during 
DSA revealed several significant diet- and exercise-related effects. While the main effect of diet 
Figure 1. Rats who were fed the Daniel Fast (DF; n = 14) diet performed significantly better 
on the Non-cued Alternation (NCA) task than rats that were fed the Western Diet (WD; n = 
14). *p = .001 
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and exercise alone were not significant, the diet x exercise interaction was [F(1, 24) = 4.447, p 
=.046].  Figure 2 presents the number of reinforcers earned across the four treatment conditions 
(i.e., DF-E, DF-S, WD-E, and WD-S) collapsed across delay and testing block. While not 
significant, the effects of exercise were interesting. Post hoc LSD analyses revealed a significant 





More specific detail related to this effect was observed in the significant higher-order 
interactions which included diet x exercise block [F(24, 576) = 2.565, p<.001], diet x exercise x 
delay [F(3, 72) = 3.357, p = .023], and diet x exercise x delay x block [F(72, 1728) = 2.551, 
p<.001]. Figure 3 presents the number of reinforcers earned across the four treatment conditions 
Figure 2. Analysis of the number of reinforcers earned revealed a significant diet x 
exercise interaction (p = .046). Rats who were fed the DF diet who exercised (DF-E; n = 
7) outperformed their sedentary counterparts (DF-S; n = 7) while Western diet rats who 
were sedentary (WD-S; n = 7) received a higher average number of reinforcers that 




as a function of both delay and 5-day testing block. As expected, the task became more difficult 
for all groups as the delay that was implemented got longer (i.e., the number of reinforcers 
earned drops as the delay got longer; panels A-D). With increasing delay the degree of decline 
was somewhat different for the different treatment groups and was most evident in the 
intermediate testing blocks.  Specifically, after initial acquisition (i.e., beginning around block 8), 
rats in all of the treatment groups appear to be earning all 50 possible reinforcers at the 0 s delay 






Figure 3. Analysis of the number of reinforcers earned revealed a significant diet x 
exercise x delay x 5-day testing block interaction (p<.001). The most profound 
differences among treatment groups were observed during intermediate trials during the 
40 sec delay. asignificant difference between Daniel Fast exercise (DF-E; n = 7) and 
Western Diet exercise (WD-E; n = 7) group, p<.01; bsignificant difference between DF-
E and Western Diet sedentary group (WD-S; n = 7) group, p =.009; csignificant 
difference between DF-E and Daniel Fast sedentary group (DF-S; n = 7) group, p<.05; 






WD-S groups appear to be earning more reinforcers than the other two groups during 
intermediate testing blocks. Post hoc simple effects analyses on data generated following the 10 s 
delay showed one significant treatment effect during block 17 (p = .021) wherein the DF-E group 
earned more reinforces than the WD-E group. However, this effect seems to be driven by the 
rather low performance of the WD-E group during that testing block (Figure 3B).  Looking at the  
data generated during the 20 s delay, treatment effects appear more prevalent especially during 
intermediate testing blocks, however post hoc analysis did not reveal any significant treatment 
effects in any of the 5-day testing blocks (Figure 3C).  During the 40 s delay, the effect of 
treatment in the intermediate testing blocks appeared to be larger but post hoc analyses revealed 
a significant effect of treatment only during blocks 6 (p = .020; DF-E significantly different from 
WD-E and WD-S), blocks 13-15 (p = .041, .023, and .028 respectively; DF-E significantly 
different from DF-S and WD-E in all cases), and block 17 (p = .011; DF-E and WD-S 
significantly different from WD-E). 
Survival analysis of criterion percent correct.  
As can be seen in the survival plots in Figure 4, it appears that for trials implementing the 
40 s delay, the rats in the DF-E group had a tendency to achieve the 60%, 70%, and 80% 
criterion level of performance more quickly than rats in the other treatment groups. However, 
results of the Kaplan-Meier survival analyses indicated a significant difference only at the 60% 
criterion level of performance [χ2(3) = 11.877, p = .008].  The rate at which animals in the DF-E 
group reached this criterion was significantly faster compared to the DF-S and WD-E groups (p 
= .013 and .003, respectively), while the difference from the WD-E group only approached 








Win-Stay/Lose-stay errors.  
There was a significant diet x exercise x 5-day block interaction (Figure 5) for win-stay 
errors [F(24, 576) = 3.597, p<.001]. Post hoc testing determined that there were no significant 
effects within any particular 5-day block. Similarly, lose-stay errors demonstrated a significant 
diet x exercise x 5-day block interaction [F(24, 576) = 3.641, p<.001]. However, there was also a 
significant diet x exercise interaction [F(1, 24) = 4.758, p = .039]. As can be seen in Figure 6, 
Figure 4. Survival plots for obtaining 60, 70, 80, and 90% correct at the 40 second delay 
across all testing blocks. Analysis animals in the DF-E group reaching the 60% correct 
criterion level of performance faster than the other treatment groups: ap =.013, bp =.003, cp = 





post hoc analyses revealed a significant effect of treatment during blocks 11 (p = .041; DF-E 
significantly different from WD-E), 13 (p = .024; DF-E significantly different from DF-S and 
WD-E and WD-S significantly different from WD-E), and 14 (p = .035; DF-E significantly 
different from DF-S and WD-E). Across all testing blocks, the DF-E group made fewer lose-stay 





Figure 5. Analysis of the number of win-stay errors revealed a significant diet x exercise x 
5-day testing block interaction (p<.001).  Post hoc simple effects analysis did not reveal any 
significant treatment effects within any of the 5-day testing blocks.  DF = Daniel Fast, WD = 

















Figure 6. Analysis of the number of lose-stay errors revealed a significant diet x exercise x 
5-day testing block interaction (p<.001).  Post hoc simple effects analysis revealed a 
significant treatment effect during blocks 11, 13, and 14. asignificant difference between 
Daniel Fast exercise (DF-E; n = 7) and Western Diet exercise (WD-E; n = 7) group, p<.02; 
bsignificant difference between DF-E and Daniel Fast sedentary group (DF-S; n = 7) group, 
p<.005; csignificant difference between Western Diet sedentary (WD-S; n = 7) and WD-E 
group, p = .027; *significant different from DF-E group, p<.05 
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Chapter 4: Discussion 
Summary of Results 
 Analysis of the data revealed both expected and unexpected findings. Animals fed the 
WD did not perform as well as rats fed the DF diet during NCA. Unlike during DSA, exercise 
did not affect NCA performance. During DSA, the DF-E group showed enhanced working 
memory performance as was expected. This was particularly true as the task became more 
difficult (i.e., as the delay between trials increased) and during intermediate trial blocks. This 
appeared to be a result of the DF-S and WD-E group making more win-stay errors during the 
DSA task compared to the DF-E group, especially following a 40 sec delay and during 
intermediate trail blocks. Survival analysis did provide some indication that rats in the DF-E 
group were learning the more difficult aspect of the DSA task faster (i.e., at the longest delay). 
While treatment group differences were only found at the 60% criterion level of performance, 
visual inspection of the data also suggests that rats in the DF-E group were achieving the 70% 
and 80% criterion levels of performance more quickly as well. With such a small sample size (n 
= 7 rats/treatment group), such analyses are likely underpowered. It is interesting to note that all 
rats in the DF-E ultimately reached the 80% criterion level of performance at the 40 sec delay – 
an outcome not observed in any of the other treatment groups. Importantly, all rats in all 
treatment groups were able to reach the 60% criterion level of performance while no treatment 
group had all rats successfully reach the 90% criterion level of performance, indicating that the 
task used was well within the working memory capacity of the animals tested.  
Surprisingly, the WD-E group appeared to have impaired working memory performance. 
In some cases, the WD-S group outperformed the WD-E group. This unexpected result deviates 
from the general thought that exercise has a beneficial effect on working memory performance. 
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One possible explanation for these unexpected results was physical fatigue. Typically, the 
exercise protocol which occurred on Monday, Wednesday, and Friday occurred before operant 
working memory testing. Perhaps the combination of both exercise training and operant testing 
was too exhausting for the WD-E, such that they were unable to perform adequately during the 
working memory task. Recall the DF-E animals also ran on the treadmill prior to operant testing, 
but it is possible that the benefits conferred on the animals by the DF diet were protective against 
fatigue. To assess this possibility, the DSA results from the WD-E group were split into days 
when the exercise protocol was administered (i.e., Mondays, Wednesdays, and Fridays) and days 
when it was not (i.e., Tuesdays, Thursdays, and Saturdays). A paired-samples t-test was 
conducted comparing performance on exercise versus non-exercise days in the WD-E group 
averaged across blocks 6-16.  The result was not significant with the average percent correct on 
exercise and non-exercise days being 76.95% (±3.11 SEM) and 77.52 (±3.00 SEM), 
respectively. Thus, fatigue does not appear to be a feasible explanation for the unexpectedly poor 
performance in the WD-E group.  
 Another possible explanation for the unexpectedly poor performance in the WD-E group 
is that of oxidative stress. It is possible that the combination of the Western diet with the exercise 
protocol resulted in more oxidative stress to these animals than in the WD-S group, or than 
observed in either group fed the DF diet. Bloomer et al. (in preparation) obtained blood samples 
from a different cohort of animals that received the same dietary and exercise interventions as 
the animals in the current study but after being on the diet for only 3 months. While not 
significant (likely due to the relatively small sample size (n = 7), proinflammatory cytokines 
IL1β and IL-10 were slightly higher in WD-E rats compared to WD-S rats, and substantially 
higher than in DF-E animals suggesting a greater degree of oxidative stress in the WD-E 
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animals. Likewise, the oxidative stress biomarker malondialdehyde (MDA) and advanced 
oxidation protein products (AOPP) were measured in the plasma of the animals in the current 
study upon completion of all other testing. Main effects of diet were apparent on these oxidative 
stress measures. For MDA, the levels in the DF-E and DF-S groups were each significantly 
lower than the levels in the WD-S and WD-E group. Within the diets, there were no significant 
differences. AOPP testing also demonstrated significant differences. The WD-S group displayed 
significantly higher AOPP levels than all other groups. The WD-E group displayed significantly 
higher AOPP levels than either both the DF-E and DF-S groups. At first glance, these results 
seem to show a key mechanism for dietary differences but not for exercise. However, the data for 
MDA, while not significant, did show a strong trend toward being higher for each exercise group 
(i.e., DF-E > DF-S). Future research, with even a slightly larger sample size, would likely be able 
to detect significant MDA differences based on exercise differences. This is a topic that should 
be explored further.  
 There are several distinctive differences between the Daniel Fast and Western Diet 
protocols used in this study. Differences such as carbohydrate type, amount and type of fat, 
protein type, and differing micronutrient amounts, could have interacted or acted alone to help 
generate some of the performance differences shown in the present study.  For example, there 
were substantially different levels of ascorbic acid (AA) in the DF and WD groups (see Table 1). 
As previously discussed, Parle and Dhingra (2003) demonstrated AA improved memory 
performance in the passive-avoidance test. As such, this micronutrient seems to be important in 
working memory function and the lack of AA in the WD may have contributed to the results 
obtained in the present study. The literature surrounding carbohydrate type and working memory 
performance is currently incomplete and inconsistent. Gilsenan, de Bruin, and Dye (2009) 
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completed a review of several studies concerning carbohydrate intake and cognitive performance 
and concluded that there was insufficient evidence to make a definitive statement about the 
effects of carbohydrate intake on cognitive performance.  
 On the other hand, the effects of different types of fat and amounts of fat intake on 
working memory performance is more conclusive. Of importance to the present study, saturated 
fat levels, cholesterol levels, and Omega fatty acid ratios have all been reported to affect working 
memory performance. Thirumanagalakudi et al. (2008) and Granholm et al. (2008) used animal 
models to demonstrate a link between high saturated fat and cholesterol content and diminished 
working memory performance. Chung et al. (2008) were able to increase working memory 
performance in an animal model by increasing Omega-3 fatty acid intake. Stonehouse et al. 
(2013) actually found significant improvements in a human sample after Omega-3 
supplementation. Thus, it seems the differences between the fat types and amounts in the present 
study may have played a role in contributing to the observed differences.  
 Lastly, another major difference in the DF and WD interventions in the present study was 
the source of protein. The benefits and risks of consuming soy versus animal protein has received 
substantial interest among researchers. However, the literature concerning the effects on working 
memory performance is still limited and inconclusive. One problem is that what research has 
been done has tended to focus on post-menopausal women and ovariectomized female rats. 
Kreijkamp-Kaspers et al. (2004) found no evidence that soy protein improved working memory 
performance in post-menopausal women. In animal models, soy isoflavones have had mixed 
effects. Neese et al. (2012) used an operant DSA paradigm very similar to the one used in this 
study and demonstrated that in middle-aged, ovarectomized female rats, the soy isoflavone 
genistein impaired working memory performance. On the other hand, S-equol (which is a 
34 
 
metabolite of the soy isoflavone daidzein) had no effect on DSA performance in middle-aged, 
ovarectomized female rats (Neese et al., 2014). In older, ovarectomized retired female breeders, 
treatment with soy protein with phytoestrogens resulted in improved working memory 
performance on the radial arm maze (Pan, Anthony, Watson, & Clarkson, 2000). One study 
conducted on intact male and female rats found sex-specific results, as increased consumption of 
soy protein increased memory performance in females, but decreased memory performance in 
males (Lephart et al. 2002). With so little research examining the impact of protein source on 
working memory in intact animals of both sexes, it is difficult to ascertain exactly how the 
source and/or amount of protein in the diet affects working memory performance.  
 In summary, previous research has shown that certain micronutrients and differing fat 
types and amounts can affect working memory performance. The DF diet used in this study had 
higher AA and arguably Omega-3 which may have provided a working memory benefit. The 
literature on the effects of protein and carbohydrate type on working memory performance is 
inconclusive. However, since the DF-E group did show superior performance, it does seem that 
working memory performance may be enhanced with a soy-based, high-fiber diet. What is less 
clear, however, is whether this benefit is only observed when the DF diet is paired with regular 
exercise, as the DF-S group did not show the same degree of improvement. 
Future Research 
 As mentioned previously, there is substantial research demonstrating a decline in working 
memory performance with increasing age (Wyss et al. 2000). While the current study predicted 
the DF-E group would prevent age-related cognitive decline, this was not able to be evaluated in 
the present study because task performance continued to improve throughout the 125 days of 
testing. In other words, no obvious age-related decline in working memory performance occurred 
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using the parameters contained within the current experiment. One reason for this was that the 
rats began training on the task during young adulthood and over time became very well-trained 
(perhaps even over-trained) on the DSA task. Also, all rats were just over one year of age at the 
conclusion of this study which is perhaps at the very early end of when age-related cognitive 
decline would be expected to appear (Wyss et al. 2000). To evaluate the neuroprotective effects 
of the current dietary and exercise interventions on age-related working memory decline more 
precisely and to eliminate the potential problem of over-learning the task, having rats start the 
DSA task at different ages including young rats (i.e., 3 months old),  middle-aged rats (i.e., 9 
months old), and aged rats (i.e., 18 months old) could provide important information about how 
the different diets and exercise regimen used in the current study interact with age during both 
task acquisition and later task maintenance.   
 Future studies should attempt to obtain blood samples from the animals as well. The WD 
group was subjected to a diet of very poor quality for an extended period of time. It is quite 
possible that the animals in the WD group were diabetic by the end of the study. Uncontrolled 
hyper- or hypoglycemia could have affected the performance of the WD groups on the DSA 
protocol. Obtaining blood glucose information from the animals would allow for determination 
of diabetic status. Also, it would allow for determination of whether exercise was exacerbating 
the diabetic condition in the WD-E group, possibly leading to the impaired performance that was 
observed.  
Future studies should also incorporate a slightly larger sample size within each treatment 
group. While diet- and exercise-related effects were observed in the present study, seven 
rats/treatment group is closer to the minimum number of rats desired per treatment group for 
studies measuring rodent operant working memory performance. Rather, most studies of this 
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nature typically include 10-12 rats per treatment group and previous power analyses conducted 
by our laboratory suggest an n = 10-12 rats/treatment group is sufficient. This slightly larger 
sample size would increase power and make easier to detect true diet- and exercise-related 
effects.   
Lastly, future studies are planned to assess a potential mechanism to explain the current 
behavioral results. In addition to the plasma markers of oxidative stress, similar measures will be 
evaluated in brain tissue collected from the animals that completed this study. In particular, the 
medial prefrontal cortex (mPFC) and hippocampus (HIPP) were both harvested as both of these 
brain regions are critically involved in successful execution of the DSA working memory task 
(Sable & Schantz, 2006). Likewise, brain derived neurotropic factor (BDNF) will also be 
measured in the mPFC and HIPP to assess the relationship between the different diet and 
exercise treatments and working memory performance. BDNF plays an important role in 
learning and memory (including neurogenesis) but is also involved in neuroprotection (Yamada, 
Mizuno, & Nabeshima, 2002). Also relevant to the current study is that BDNF decreases with 
age (Erickson et al. 2010). Thus, future research will evaluate whether the differences seen in 
DSA performance as a function of diet and exercise are associated with similar changes in 
BDNF expression, and whether declines in BDNF expression associated with age can be 
prevented with the DF diet and/or exercise. 
Conclusion 
 Working memory performance is affected both by diet and by exercise. Interestingly, the 
results of this study suggest that the benefits of exercise appear to occur only when paired with a 
healthy diet. When exercise was paired with an unhealthy diet, working memory performance 
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was disrupted. The mechanism for this effect is not entirely clear, but differences in oxidative 
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